Porphyrin-linked nitroimidazole antibiotics targeting Porphyromonas gingivalis.
Periodontal disease is an inflammatory process affecting supporting tissues surrounding the teeth. The anaerobic gram-negative bacterium Porphyromonas gingivalis is implicated in the disease. This organism requires the uptake of porphyrins most apparently as haem 1 from local haemorrhage and it has a HA2 receptor on the outer membrane for this purpose that provides the opportunity to achieve selective anti-microbial activity. Uniquely, this receptor is based on recognition of porphyrin macrocycle and on a propionic acid side-chain rather than recognition of the coordinated metal ion through chelation, a process used by other organisms with the HasA porphyrin receptor. Porphyrin-antibiotic conjugates 11, 12, 13a and 13b were designed as potential highly selective P. gingivalis inhibitors, a key point being that they are based on the use of free-base porphyrins to render them unpalatable to other organisms. These compounds were synthesised from metronidazole 4 and deuteroporphyrin IX 3. Conjugates 11, 12, 13a and 13b are all recognised by the HA2 receptor of P. gingivalis, bind as strongly as haem 1 to HA2 and are highly effective. For example, the amide-linked mono-metronidazole mono-acid adducts 11 and 12 have the same growth inhibitory activity towards P. gingivalis and both are two-fold more active than metronidazole 4 and ten- to twenty-fold more effective than the metronidazole derivative, amine 5. The methyl esters 9 and 10, in contrast, are not recognised by HA2 and are ineffective in inhibiting P. gingivalis, leading to the conclusion that capture by HA2 may be necessary for activity of the adducts. Preliminary growth inhibition assays involving a range of bacteria have demonstrated the high selectivity of conjugates 13a and 13b towards P. gingivalis.